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Introduction: 

Although  anti-Bcr-Abl  tyrosine  kinase  (TK)  inhibitor,  imatinib,  is  effective  therapy  in  newly 
diagnosed  patients  with  CML,  resistance  to  imatinib  commonly  occurs  in  patients  with 
accelerated  and  blastic  phase  of  CML.  AMN107  (nilotinib)  is  more  potent  anti-Bcr-Abl  TK 
inhibitor,  which  also  inhibits  the  commonly  encountered  mutant  forms  of  Bcr-Abl  known  to 
confer  resistance  against  imatinib.  LBH589  is  a  potent  pan-histone  deacetylase  (HDAC) 
inhibitor  (HDI),  which  depletes  the  levels  of  Bcr-Abl,  by  inhibiting  the  Bcr-Abl  chaperone  heat 
shock  protein  90  (hsp90).  The  overall  purpose  of  the  studies  performed  during  the  previous 
funding  period  was  to  determine  the  combined  effects  of  LBH589  and  nilotinib  on  unmutated 
and  mutant  forms  of  Bcr-Abl  and  its  downstream  signaling  proteins.  Additionally,  these  studies 
were  designed  to  determine  the  effect  of  this  drug  combination  on  cell  growth  and  apoptosis  of 
Bcr-Abl-containing  cultured  mouse  and  human  leukemia  cells  and  primary  human  CML  cells. 


Body: 

AMN107  and  LBH589  induce  apoptosis  of  Bcr-Abl-expressing  human  leukemia  cells:  We 

first  determined  the  apoptotic  effects  of  treatment  with  LBH589  or  AMN107  alone  on  K562  and 
LAMA-84  cells.  Exposure  to  LBH589  or  AMN107  alone  induces  apoptosis  of  K562  and  LAMA- 
84  cells  in  a  dose-dependent  manner  (see  Figure  1A  and  IB  of  appended  article  from  Blood). 
AMN107  was  approximately  10-fold  more  potent  than  imatinib  in  inducing  apoptosis  of  K562  and 
LAMA-84  cells  (see  Figure  1A  of  appended  article  from  Blood).  Treatment  with  AMN107 
inhibited  the  levels  of  tyrosine  phosphorylated  Bcr-Abl  in  a  dose-dependent  manner,  without 
affecting  the  levels  of  Bcr-Abl  (see  Figure  2A  of  appended  article  from  Blood).  AMN107 
treatment  also  inhibited  the  levels  of  p-CrkL,  suggesting  that  AMN107  inhibits  the  TK  activity  of 
Bcr-Abl.  Treatment  with  AMN107  attenuated  the  levels  of  p-STAT5,  as  well  as  lowered  the 
expressions  of  c-Myc  and  Bcl-xL,  which  are  transactivated  by  STAT5  (see  Figure  2B  of 
appended  article  from  Blood).  Treatment  with  AMN107  also  inhibited  the  levels  of  p-AKT  but  not 
AKT,  which  was  associated  with  induction  of  p27  levels  (see  Figure  2B  of  appended  article  from 
Blood). 

Co-treatment  with  LBH589  and  AMN107  exerts  superior  anti-Bcr-Abl  activity  and 
synergistically  induces  apoptosis:  As  compared  with  treatment  with  either  agent  alone, 
relatively  low  concentrations  of  LBH589  (20  nM)  and  AMN107  (50  nM)  for24  hours  caused  more 
depletion  of  Bcr-Abl  and  induced  more  p27  levels  in  K562  cells  (see  Figure  3A  of  appended 
article  from  Blood).  In  contrast,  p21  levels  were  induced  to  a  similar  extent  by  combined 
treatment  with  AMN107  and  LBH589,  as  compared  with  treatment  with  LBH589  alone. 
Combined  treatment  with  LBH589  and  AMN107  also  caused  more  attenuation  of  the  levels  of  p- 
CrkL,  Bcl-xL,  and  c-Myc  but  induced  more  Bim  (see  Figure  3B  of  appended  article  from  Blood). 
Following  co-treatment  with  AMN107  and  LBH589,  simultaneous  induction  of  Bim  and 
attenuation  of  Bcl-xL  was  associated  with  more  PARP  cleavage,  which  is  due  to  increased 
activity  of  the  effector  caspases  3  and  7  during  apoptosis.  Co-treatment  with  AMN107  and 
LBH589  caused  significantly  more  inhibition  of  colony  growth  than  treatment  with  either  drug 
alone  (P  <  .05)  (see  Figure  4A  of  appended  article  from  Blood).  Exposure  to  the  combination  of 
AMN107  and  LBH589  exerted  synergistic  apoptotic  effect  in  K562  and  LAMA-84  cells,  as 
determined  by  the  median  dose-effect  isobologram  analysis  described  by  Chou  and  Talalay.  For 
AMN107  and  LBH589,  the  combination  index  values  were  less  than  1.0  in  each  cell  type  (see 
Figure  4A,  4B  and  4C  of  appended  article  from  Blood).  Although  AMN107  had  no  effect  (up  to 
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1.0  pM),  exposure  to  20  and  50  nM  LBH589  for  48  hours  induced  loss  of  survival  of  13.1%  and 
15.9%  of  NBMCs  (mean  of  2  samples  with  experiments  performed  in  duplicate).  Cotreatment 
with  AMN107  did  not  significantly  increase  the  loss  of  survival  of  NBMCs  because  of  exposure 
to  50  nM  LBH589  (P  >  .05). 

LBH589  depletes  mutant  Bcr-Abl  levels  and  induces  apoptosis  of  IM-resistant  BaF3  cells 
expressing  Bcr-AblT315l  or  Bcr-AblE255K:  Next,  we  determined  the  effect  of  treatment  with 
LBH589  and/or  AMN107  on  BaF3  cells  with  ectopic  expression  of  either  the  unmutated  Bcr-Abl 
or  of  the  point  mutant  Bcr-AblE255K  or  Bcr-AblT315l.  AMN107  induced  apoptosis  of  BaF3/Bcr- 
Abl  cells  in  a  dose-dependent  manner  (see  Figure  5A  of  appended  article  from  Blood). 
Additionally,  co-treatment  with  AMN107  and  LBH589  induced  significantly  more  apoptosis  of 
BaF3/Bcr-Abl  cells  than  either  agent  alone  (P  <  .05)  (see  Figure  5A  of  appended  article  from 
Blood).  Although  exposure  to  IM  induced  dose-dependent  apoptosis  of  BaF3/Bcr-Abl  cells, 
BaF3/Bcr-AblT315l  cells  were  resistant  to  IM  up  to  levels  as  high  as  10  pM.  In  contrast, 
BaF3/Bcr-AblT315l  cells  were  as  sensitive  as  BaF3/Bcr-Abl  cells  to  apoptosis  induced  by 
treatment  with  LBH589  alone  (see  Figure  5A  and  5B  of  appended  article  from  Blood).  Treatment 
with  50  nM  LBH589  for  48  hours  induced  apoptosis  in  approximately  30%  of  BaF3/Bcr-Abl 
T315I  cells  (see  Figure  5B  of  appended  article  from  Blood).  Lower  levels  of  LBH589  were  less 
effective.  In  contrast,  BaF3/Bcr-AblT315l  cells  were  resistant  to  AMN107  levels  as  high  as  2000 
nM.  Notably,  co-treatment  with  2000  nM  but  not  100  nM  AMN107  significantly  increased 
LBH589-induced  apoptosis  of  BaF3/Bcr-AblT315l  cells  (P  <  .01)  (see  Figure  5B  of  appended 
article  from  Blood).  Against  BaF3/Bcr-AblE255K  cells,  although  100  nM  AMN107  was 
ineffective,  exposure  to  200  and  500  nM  AMN107  induced  apoptosis  of  26.0%  and  43.0%  of 
cells,  respectively  (see  Figure  5C  of  appended  article  from  Blood).  Again,  co-treatment  with 
AMN107  (500  nM)  and  LBH589  (50  nM)  induced  significantly  more  apoptosis  of  BaF3/Bcr- 
AblE255K  cells  than  treatment  with  either  agent  alone  (P<.01),  although  co-treatment  with  100 
nM  AMN107  was  less  effective  (see  Figure  5C  of  appended  article  from  Blood).  Cotreatment 
with  higher  concentrations  of  AMN107  (1.0  or  2.0  pM)  also  enhanced  LBH589-induced 
apoptosis  of  BaF3/Bcr-AblE255K.  Next,  we  also  correlated  the  apoptotic  effects  of  AMN107 
and/or  LBH589  with  their  effects  on  the  levels  of  Bcr-Abl  in  BaF3/Bcr-Abl,  BaF3/Bcr-AblE255K, 
and  BaF3/Bcr-AblT315l  cells.  Treatment  with  any  of  the  levels  of  AMN107  tested  alone  did  not 
lower  the  levels  of  Bcr-Abl  in  any  of  the  3  cell  types  (see  Figure  6  of  appended  article  from 
Blood).  Exposure  to  AMN107  also  did  not  affect  the  levels  of  p-CrkL  or  CrkL.  In  contrast, 
exposure  to  50  nM  LBH589  for  24  hours  lowered  Bcr-Abl  levels  in  all  3  BaF3  transfectants. 
Notably,  as  compared  with  treatment  with  either  agent  alone,  cotreatment  with  LBH589  and 
AMN107  induced  more  depletion  of  Bcr-Abl  in  BaF3/Bcr-Abl  cells.  Notably,  combined  treatment 
with  LBH589  and  AMN107  caused  a  more  pronounced  decline  in  the  levels  of  Bcr-AblT315l  and 
Bcr-Abl  E255K  levels  in  BaF3/Bcr-AblT315l  and  BaF3/Bcr-AblE255K  cells,  respectively  (see 
Figure  6  of  appended  article  from  Blood).  Similar  effect  was  noted  on  p-CrkL  but  not  CrkL 
levels. 

Cotreatment  with  AMN107  and  LBH589  causes  more  attenuation  of  Bcr-Abl  and  loss  of 
viability  of  primary,  IM-resistant  CML  cells  than  either  agent  alone:  We  next  determined  the 
antileukemia  effects  of  LBH589  and/or  AMN107  against  primary  CML  cells  isolated  from  the 
peripheral  blood  and/or  bone  marrow  samples  from  10  patients  who  had  relapsed  with  IM- 
resistant  CML-BC.  Three  of  these  samples  were  documented  to  have  the  expression  of  Bcr- 
AblT315l.  In  the  remaining  samples  of  IM-refractory  primary  CML  cells,  the  mutational  status  of 
Bcr-Abl  could  not  be  determined,  because  of  inadequate  sample  size.  In  the  samples  1  to  7, 
both  AMN107  and  LBH589  induced  loss  of  cell  viability,  which  was  dose  dependent. 
Additionally,  in  these  samples,  co-treatment  with  LBH589  (20  or  50  nM)  and  AMN107  induced 
more  loss  of  cell  viability  than  treatment  with  either  agent  alone.  Sample  7  was  relatively 
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resistant  to  lower  concentrations  of  AMN107  but  sensitive  to  LBH589  (see  Table  1  of  appended 
article  from  Blood).  In  the  3  samples  with  Bcr-AblT315l  mutation,  treatment  with  AMN107  did 
not  augment  loss  of  cell  viability,  whereas  exposure  to  LBH589  alone  for  48  hours  markedly 
inhibited  cell  viability  in  a  dose-dependent  manner  (see  Table  1  of  appended  article  from  Blood). 
Notably,  in  these  samples  (8,  9,  and  10),  co-treatment  with  50  or  100  nM  AMN107  did  not 
increase  LBH589-induced  loss  of  cell  viability  (see  Table  1  of  appended  article  from  Blood).  In 
one  sample,  although  exposure  to  even  2.0  pM  AMN107  was  ineffective,  co-treatment  of  50  nM 
LBH589  with  2.0  pM  AMN107  induced  apoptosis  of  63.7%  of  cells,  as  compared  with  apoptosis 
of  42.0%  of  cells  treated  with  50  nM  LBH589  alone  (see  Table  1  of  appended  article  from 
Blood).  Western  blot  analyses  of  the  total  cell  lysates  of  one  of  the  samples  showed  that  co¬ 
treatment  with  50  nM  LBH589  and  100  nM  AMN107  for  24  hours  resulted  in  more  attenuation  of 
Bcr-Abl,  p-CrkL,  and  p-STAT5  than  treatment  with  either  agent  alone  (see  Figure  7A  of 
appended  article  from  Blood).  In  contrast,  in  sample  9,  treatment  with  even  1000  nM  AMN107 
alone  had  little  effect  on  the  levels  of  Bcr-Abl,  p-CrkL,  and  p-STAT5,  whereas  co-treatment  with 
50  nM  LBH589  and  AMN107  markedly  depleted  the  levels  of  Bcr-AblT315l,  as  well  as  of  p-CrkL 
and  p-STAT5  (see  Figure  7B  of  appended  article  from  Blood). 


Key  research  accomplishments: 

•  Combined  treatment  with  the  histone  deacetylase  inhibitor,  LBH589,  and  nilotinib 
(AMN107)  exerts  synergistic  cytotoxicity  against  Bcr-Abl  positive  human  acute  leukemia 
cells. 

•  The  underlying  molecular  mechanisms  of  the  superior  anti-leukemia  activity  of  the 
combination  include  greater  depletion  of  Bcr-Abl  levels  and  activity,  increased  levels  of 
Bim  and  greater  attenuation  of  Bcl-xL. 

•  LBH589  and  nilotinib  combination  exerts  superior  activity  against  imatinib-resistant 
mutants  of  Bcr-Abl,  i.e.,  Bcr-AblE255K  and  Bcr-AblT315l. 
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7.  T.  Fischer,  A.  Patnaik,  K.  Bhalla,  J.  Beck,  J.  Morganroth,  G.  H.  Laird,  S.  Sharma,  J.  W. 
Scott,  M.  Dugan  and  F.  Giles.  Results  of  cardiac  monitoring  during  phase  I  trials  of  a 
novel  histone  deacetylase  (HDAC)  inhibitor  LBH589  in  patients  with  advanced  solid 
tumors  and  hematologic  malignancies.  Journal  of  Clinical  Oncology,  2005  ASCO  Annual 
Meeting  Proceedings.  Vol  23,  No.  16S,  Part  I  of  II  (June  1  Supplement),  2005:  3106 

8.  P.  Bali,  F.  Guo,  W.  Fiskus,  M.  Pranpat,  C.  Sigua  and  K.  Bhalla.  Mechanisms  underlying 
hydroxamic  acid  analogue  (HA)  histone  deacetylase  (HDAC)  inhibitors  (HDIs)-induced 
apoptosis:  New  role  of  HDAC6  inhibition,  acetylation  and  inhibition  of  hsp90  and 
depletion  of  pro-growth  and  pro-survival  oncoproteins.  American  Association  for  Cancer 
Research  96th  Annual  Meeting,  Anaheim/Orange  County,  CA,  April  16-20,  2005 


Conclusion: 

The  results  of  our  studies  have  demonstrated  that  cotreatment  with  LBH589  and  nilotinib  exerts 
superior  anti-Bcr-Abl  activity  and  synergistically  induces  apoptosis  of  Bcr-Abl-positive  human 
leukemia  cells.  While  nilotinib  did  not  deplete  levels  of  Bcr-Abl,  it  significantly  reduced  TK 
activity  of  unmutated  Bcr-Abl,  as  well  as  induced  apoptosis  of  unmutated  Bcr-Abl  or  Bcr- 
AblE255K  expressing  mouse  and  human  leukemia  cells.  LBH589  depleted  the  levels  of  Bcr-Abl 
in  BaF3/Bcr-Abl,  BaF3/Bcr-AblE255K  and  BaF3/Bcr-AblT315l  cells.  Cotreatment  with  nilotinib 
and  LBH589  caused  more  attenuation  of  Bcr-Abl  and  greater  loss  of  cell  viability  of  primary 
imatinib-resistant  CML  cells  than  treatment  with  either  agent  alone.  This  was  associated  with 
significantly  greater  depletion  of  the  levels  of  unmutated  Bcr-Abl  or  Bcr-AblT315l,  as  well  as  of 
p-CrkL  and  p-STAT5.  These  findings  strongly  support  the  rationale  to  test  the  activity  and 
efficacy  of  the  combination  of  LBH589  and  nilotinib  against  Bcr-Abl  positive  leukemia  sensitive 
or  resistant  to  imatinib  with  or  without  mutant  forms  of  Bcr-Abl. 
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